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This study aimed to determine the effect of fingerroot powder supplementation on the performance
of laying hens, egg quality, and malondialdehyde in the egg yolk. A total of 192 Hy-Line brown laying hens aged
43 weeks were divided into four treatment groups with 48 hens in each group (8 replicates; 6 birds each). The
treatments were the control (basal diet), basal diet supplemented with vitamin E at 250 mg/kg, basal diet plus
20 g fingerroot powder/kg, and basal diet plus 40 g fingerroot powder/kg. Performance parameters were analyzed
in the following two experimental period: 1 to 3 week and 4 to 6 week of treatment administration. Egg quality
was evaluated twice at 3 and 6 weeks after feeding. The malondialdehyde (MDA) was measured in egg yolk at
0, 7, 14, and 21 days after storage at room temperature. No significant differences were observed in egg weight,
laying rate, egg mass, feed intake and feed conversion ratio among the groups during the first experimental
period. In the last period 4 to 6 week of experiment, dietary inclusion of 20 g fingerroot powder improved egg
weight (P < 0.05) compared with control. The performance showed that during 6 weeks of feeding, the group
supplemented with 40 g fingerroot powder had a decreased feed intake, but its feed conversion ratio was
improved. The low feed intake in this group did not affect the laying rate, egg weight, and egg mass. There was
no significant difference in egg quality for all variables except yolk color at 3 weeks of feeding. The yolk color
was significantly lower in the feed supplemented with fingerroot powder at 40 g (P < 0.05). The egg quality at 6
weeks of feeding showed that 20 g fingerroot powder group had higher albumen and shell weight (P < 0.05). The
experimental diets did not affect MDA levels in fresh or stored eggs. However, MDA level was affected by storage
time and increased at 21 days. In this study, vitamin E or fingerroot powder did not show their antioxidant
activity on the egg yolk. In conclusion, the addition of fingerroot powder has beneficial effects on egg weight,

FCR, albumen and shell weights.
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CHAPTER 1
INTRODUCTION

Egg is a nutritious food that contains protein, fat, vitamins, and minerals (Li-Chan
and Kim, 2008). Egg is a healthy, inexpensive, highly nutritious, and a source
of essential polyunsaturated fatty acids (Schreiner et al., 2004). However, the high level
of polyunsaturated fatty acids in the egg makes it easier to be oxidized.
Polyunsaturated oxidation will be detrimental to the flavor, aroma, nutritional value,
and overall quality of the animal product (Khan et al,, 2011; Mohamed et al., 2011).
One factor that influences consumer preferences is egg quality. Egg quality will
decrease depending on the temperature and length of storage (Cimrin et al., 2019).
Unsaturated bonds in egg yolk fatty acids react easily with free radicals, resulting in
peroxidation products. Both temperature and storage time can influence the rate of
peroxidation in eggs (Ramalho and Jorge, 2006).

Antioxidants are substances that can prevent oxidation and decrease free radicals
in the body either directly or indirectly (Liu et al., 2014). To stop the oxidation of the
fatty acids in egg yolks, antioxidants were added to the feed of laying hens (Ahmad et
al., 2015). Antioxidants were reported to positively affect poultry performance (Jang et
al.,, 2008). Zhao et al. (2011) reported that the antioxidant can improve production
performance in birds. Therefore, the antioxidant capacity of the egg can be enriched
by antioxidant supplementation to reduce lipid peroxidation of the egg yolk (Ngo et
al,, 2011). Butylated hydroxyanisole and butylated hydroxytoluene, two synthetic
antioxidants, have proved to be unfavorable side effects, including liver damage and
cancer, especially in long-term usage. The discovery and research on the utilization of
natural antioxidants are important (Ser et al., 2016).

The utilization of antioxidants derived from plants has been reported to maintain
animal health and protect animal products from peroxidation (Wenk, 2003).
Polyphenols are the most common compounds found in plants, with approximately
8000 identified compounds (Tufarelli et al., 2017). Polyphenols can be found in grains,
vegetables, fruit, tea, and a variety of plant parts such as flowers, leaves, roots, seeds,

and fruits (Petti and Scully, 2009). Plant polyphenols are classified into two types:



flavonoids and non-flavonoids (Surai, 2014). Polyphenols have been shown to act as
exogenous antioxidants as the first line of defense for cells against free radicals,
thereby protecting against oxidative damage (Prochazkova et al., 2011; Lipiiski et al.,
2017). They protect cells from free radicals by inhibiting pro-oxidant enzyme activity,
increasing antioxidant enzyme activity, directly scavenging free radicals, and chelating
metal ions to limit reactive hydroxyl radicals (HO) formation. Orhan and Olmez (2011)
reported that supplementation of a herbal mixture (0.5%) containing thyme in the
laying hens’ diet reduced malondialdehyde in egg yolk after 56 days of storage. Fascina
et al. (2017) also reported that the malondialdehyde levels in the intestine and serum
of chickens fed with herbal antioxidants were decreased. Previous studies showed that
the dietary addition of plant extracts in laying hens increased the activity of antioxidant
enzymes in heat-stress conditions and also increased the oxidative stability of eggs
stored at 25 °C (Batista et al.,, 2017; Torki et al., 2018).

According to the secondary metabolite composition, Boesenbergia rotunda
contains a large number of flavonoids (Chahyadi et al., 2014). This plant is reported its
potential as an antioxidant by increasing antioxidant enzyme activity (Fahey and
Stephenson, 2002). Methanolic extract and active compounds of B. rotunda were able
to scavenge free radicals and reduce malondialdehyde (Abdelwahab et al., 2011; Kim
et al., 2012). Therefore, B. rotunda has a potential as a feed supplement in laying hens'
diets to improve the performance, egg quality, and lipid oxidative stability of egg yolks
thereby increasing the nutritional quality and shelf life of eggs.

Objectives of study
The study aims to investigate the effect of fingerroot powder supplementation in

the diet on laying hen performance, egg quality, and egg yolk malondialdehyde.

Hypothesis
Supplementation of fingerroot powder in the laying hen's diet can improve the

laying performance, egg quality, and decrease egg yolk malondialdehyde.



‘uonepixossd pidh yjof 882 pue “Knenk 853 ‘souswiopsd

Buide) uo uciejuswsddns Jspmod JoouSEUY JO SIOSYS SUR S1eBRsSAUL O]

18Ip susYy sulAe) Ul uoejuswsddns Jspmod opunjos g

f

sploucae) pue pize onousyd se yons ssipsdoid Juepixoue yum spuncdwios aa1joeciq sUIBUOD opunial g

-~

vnpoud jewiue
4o Aujenb ss23.35p UoREPXO

oS i 1oeC SELDRLEEET
uondiosge Jusuynu uo 1oeduw faale
‘BSOONW |EUIISSIUI U3 BulBewe(]

)32 Jenon o}
ul sisoydode s35ne0 55345 SAREPIO)

+

Anenb pnpoud pue souewuopad uo 103He AjBAEESU SS3U3S SAIRPIXO)

ﬂ

$2115 A0 O] BUIpES] ‘Si0553U) SEIN-TY Clle 3 BUIAER
553015 SANEPIXO O] SUIpES) ‘si0ssa15 1o A3lea g 0] peposlgns aue susy suiie

jlomswiely jenydaouor




Advantages of Study
To reveal the potential of the rhizome powder of B. rotunda as a feed supplement

to improve the laying performance, egg quality, and reduce egg yolk malondialdehyde.
This research is expected to provide additional information regarding the use of natural
feed supplements derived from a plant that can increase animal product value and

consumer preference.



CHAPTER 2

LITERATURE REVIEW

1. Free radical, oxidative stress, and antioxidant
Free radicals are molecules or compounds that are unstable due to the presence

of one or more unpaired electrons. An atom of hydrogen with only one proton and
one electron is a simple example of a free radical (Halliwell, 1996). Reactive oxygen
species (ROS) are one of the free radicals that can exist independently and contain
one or more unpaired electrons. Generally, ROS and reactive nitrogen species (RNS)
are the primary free radicals that participate in various metabolic reactions in the body.
However, some ROS are produced in the free radical reaction process and do not
strictly belong to free radicals, though they can directly or indirectly trigger the free
radical reaction. Reactive oxygen species include the superoxide ion, hydrogen
peroxide, and hydroxyl radical. The concentration of ROS is a direct marker reflecting
the level of oxidative stress in the body (Kannan and Jain, 2000).

The cell membrane is the site most frequently attacked by free radicals. Oxidation
or destruction of lipid membrane components by free radicals causes changes in the
structure and function of cell membranes. Excess production of hydroxy radicals in
organisms is a toxic factor that can damage the defense system responsible for
eliminating these radicals, causing lipid peroxidation. It leads to several diseases such
as cancer, neurodegeneration, and heart disease (Bonarska-Kujawa et al., 2014).

Superoxide dismutase is the most critical protective enzyme for the elimination of
superoxide anion free radicals in various tissues and organs. It can transform highly
reactive O, (oxygen) to low reactive H,0, (hydrogen peroxide) and keep O, at a certain
level in the body (Nagami et al., 2005). Catalase (CAT) is an iron-containing enzyme
mainly found in different tissues including red blood cells to decompose H,0, and
eliminate toxic effect (Kumerova et al.,, 1998). Glutathione peroxidase, a selenium-
containing enzyme widely distributed in the body, can promote the conversion of

harmful substances produced in the lipid peroxidation reaction into corresponding



alcohols and block the chain cycle reaction. It can also decompose H,O, into H,O
(water) (Yang et al., 2010).

In addition to the antioxidant enzyme system, there is an antioxidant non-enzyme
system which includes vitamin C, vitamin E, slutathione, carotenoid, and the
microelements copper, zinc, selenium, and manganese (Karami et al,, 2018). These
non-enzyme substances participate in biotransformation in the body. Most of the non-
enzymatic substances are obtained from feed intake. Vitamin E is an essential
antioxidant in biological systems and can penetrate into the lipid bilayer structure to
combine with vitamin C and other antioxidant systems to terminate lipid oxidation
(Reed, 2011).

Oxidative stress is defined as the imbalance between oxidants and antioxidants
potentially leading to cell damage. A particularly destructive aspect of oxidative stress
is the excessive production of reactive oxygen species (ROS), such as free radicals and
peroxides, that cannot be effectively neutralized by the body (Delosiere et al., 2013;
Zhong and Zhou, 2013). In homeostasis, ROS are deactivated by endogenous
antioxidants represented by enzymatic antioxidants (superoxide dismutase, catalase,
and glutathione peroxidase) and non-enzymatic antioxidants (uric acid, glutathione,

coenzyme Q) (Zhong and Zhou, 2013).

2. Oxidative stress and its effect on the animal and their product

During the production period, animals are exposed to a variety of factors that can
increase oxidative stress, including diet, environment, and management. Diet factors
include fat level and type of fatty acids, antioxidant content in the feed, storage,
mycotoxin contamination, and hypervitaminosis, while environmental factors include
temperature, humidity, dust, ammonia, radiation, hyperoxia, and bacterial or viral
exposure. These conditions can promote the formation of free radicals and increase
oxidative stress (Panda and Cherian, 2014).

Oxidative stress occurs when there is an imbalance between the production of
reactive oxygen species (ROS) and the capacity of cells to produce antioxidants. The
balance between the production and neutralization of ROS with antioxidants is
important. Free radicals attack important macromolecules, causing cell damage and

disrupting homeostasis. Free radicals attack all types of molecules in the body,



including DNA, proteins, carbohydrates, and lipids (Lobo et al.,, 2010). This condition
adversely affects poultry productive performance due to the oxidative stress causing
apoptosis in follicular cells and then reducing the number of follicles and egg
production (Li et al., 2020). In addition, oxidative stress also affects egg quality, yolk
lipid, and cholesterol content (Scanes, 2016). Free radicals impact negatively feed
intake, digestion, and absorption of nutrients by damaging the intestinal mucosa due
to oxidation so that nutrients digestion and absorption are disrupted (Yara et al., 2013).

Oxidative stress is also linked to inflammation because oxidants or free radicals
activate NF-kB, the major regulator of inflammation (Pantano et al., 2006). In an inactive
state, it is bound to inhibitory proteins in the cytosol. Cytokines, bacterial stimuli,
viruses, UV radiation, and oxidants cause inhibitory proteins to detach from nuclear
factor-kappa B (NF-kB), translocate into the nucleus, and activate transcription of a
number of genes involved in all aspects of inflammation (Gessner et al., 2017).
Proinflammatory cytokines, chemokines, inflammatory enzymes, adhesion molecules,
and some receptors are typical proteins encoded by NF-kB target genes (Hiscott et al,,
1993; Aggarwal, 2004). NF-kB-regulated proteins, such as cytokines and chemokines
stimulate oxidant generation by activated neutrophils (respiratory burst) and within

mitochondria, thereby increasing oxidative stress (Pillarisetti and Saxena, 2004).
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Figure 1 ROS-mediated nuclear factor kappa-B (NF-B) activation signaling pathways
(Minatel et al., 2016)

Inflammation increases the production of ROS in cells, either through NADPH
oxidase or the mitochondrial electron transport chain. These reactive molecules are
directly related to the progress of the inflammatory process because they induce cell
damage which triggers the activation of redox-sensitive transcription factors (Oka et al,,
2010). Among the transcription factors, NF-kB plays a role in regulating proinflammatory
genes, which represents a key step in the production of proinflammatory cytokines
such as tumor necrosis factor- QL (TNF- Q) , and interleukins (IL-1B, IL-6, and IL-8)
(Gilmore, 2006). The activity of NF-kB is regulated by a protein inhibitor (IkB).
Inflammatory stimuli or ROS produced by mitochondria, NADPH oxidase, and
endoplasmic reticulum trigger kinase pathways that activate NF-kB. After being released
from its inhibitory protein (IkB), NF-kB is translocated to the cell nucleus and induces

target gene transcription such as TNF-Q., IL—1B, IL-6, and IL-8 (Minatel et al., 2016).
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3. Antioxidant agent to alleviate oxidative stress
Antioxidants are compounds that delay, prevent, or eliminate oxidative damage to

target molecules by scavenging or inhibiting the formation of reactive oxygen species
(ROS) (Halliwell, 2007; Khlebnikov et al., 2007). The antioxidant system is divided into
two major groups, enzymes and non-enzymes. The major enzymatic antioxidants are
superoxide dismutase (SOD), catalase (CAT), slutathione peroxidase (GSH-Px),
glutathione reductase (GRx), and peroxiredoxins while non-enzymatic antioxidants are
vitamins, glutathione, uric acid, lipoic acid, bilirubin, etc. (Carocho and Ferreira, 2013).
The most effective antioxidant enzymes are GSH-Px, CAT, and SOD. GSH-Px and SOD
are found in the mitochondria and cytosol, while CAT is produced in peroxisomes. SOD
converts superoxide into H,0, and oxygen, while GSH-Px and catalase react with H,0,
to produce water and oxygen (Rodriguez et al., 2004). Ascorbate, fibrin, glutathione,
melatonin, mycothiol, phenolics, and serum albumin are non-enzymatic antioxidant
molecules (Irato and Santovito, 2021). Non-enzymatic substances involved in the first
line of defense are preventive antioxidants represented by their ability to rapidly
inactivate radicals and oxidants (Mirofczuk-Chodakowska et al., 2018). The antioxidant
defense system prevents cell damage caused by reactive oxygen species (ROS) during
exposure to infection, inflammation, and stress. Antioxidants prevent lipid peroxidation
by blocking the peroxidation chain reaction and acting as ROS scavengers (Melhem et
al,, 2005; Valko et al., 2007).

Antioxidants can neutralize free radicals, and their effect occurs in stages. They act
at three levels: prevention, interception, and repair. Preventive antioxidants, such as
superoxide dismutase (SOD), catalyze the dismutation of superoxide to H,0,, which is
then broken down by catalase into water. Free radical interception is primarily
accomplished through radical scavenging, with secondary levels involving peroxyl
radical scavenging. Antioxidants such as vitamins C and E, g¢lutathione, other thiol
compounds, carotenoids, flavonoids, and others are examples of effectors. At the level

of repair and recovery, mainly repair enzymes are involved (Auroma et al., 1993).

4. Vitamin E as antioxidant
The commercial poultry industry is associated with stress which adversely affects

animal health and production. These stress factors include environment, technology,
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nutrition, and internal physiology which are responsible for decreasing poultry
production and performance. At the molecular level, oxidative stress is associated with
damage to biological molecules. Poultry feed contains many antioxidant supplements
and one of them is vitamin E which is considered as a potential antioxidant.
Supplementation of selenium, vitamin E, and carotenoids can modulate antioxidant
defenses in poultry (Surai and Kochish, 2019). Vitamin E can protect cell membranes
from oxidative damage (Van Acker et al., 1993).

Vitamin E (Ol-tocopherol) is a fat-soluble vitamin that acts as a 'chain breaker' during
lipid peroxidation in cell membranes and various lipid particles such as low-density
lipoprotein (LDL). Vitamin E is able to intercept lipid peroxyl radicals (LOO*) and to
stop the lipid peroxidation chain reaction (Nimse and Pal, 2015). Vitamin E is an
important fat-soluble nutrient. Its role in animal production is indispensable because
animals are unable to synthesize vitamin E (Shakeri et al, 2020). Vitamin E
supplementation is reported to have benefits as an antioxidant, anti-inflammatory, and
fertility (Traber, 2007; Panda et al,, 2008; Ipek and Dikmen, 2014). According to the
recommendations of the National Research Council (Council, 1994), vitamin E
supplementation for laying hens should be 5-10 IU/kg. However, in the modern poultry
industry, the addition of vitamin E is 25 IU/kg due to avoid unexpected conditions such
as ambient temperature changes, nutrition imbalance, and inflammatory challenges
(Jiang et al., 2013; Liu et al.,, 2019). However, the vitamin E supplementation at higher
concentration than the NRC recommendations did not give any adverse effects on
laying hens (Sunder and Flachowsky, 2001).

Vitamin E supplementation significantly increases egg production and quality by
facilitating the release of egg yolk precursor (vitellogenin) from the liver, which also
acts as an anti-stress (Ciftci et al., 2005). Antioxidants such as tocopherols can be added
to laying hens' diets to protect fatty acids from oxidation and enrich eggs with vitamin
E. Vitamin E is one of the key components in the antioxidant system that can reduce
lipid peroxidation, prevent oxidation of eggs, and increase shelf life thereby increasing
consumer acceptance (Galobart et al.,, 2001; Asadi et al., 2017). Previous studies have
shown that antioxidants in the diet are transferred into the egg, thereby preventing the

oxidation of egg fatty acids (Botsoglou et al., 2005; Ahmad et al., 2015).
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5. The utilization of polyphenols as natural antioxidants in animals
The dietary intake of antioxidants is important to reduce oxidative damage in the

body (Halliwell, 1996). These antioxidants play a role in protecting cellular components
from the negative effect of ROS, thereby maintaining cellular function (Nimalaratne
and Wu, 2015). Several synthetic antioxidants such as butylated hydroxy-anisole (BHA),
butylated hydroxytoluene (BHT), and tetrabutyl hydroquinone (TBHQ) are widely used
as feed additives to prevent oxidative damage. These compounds are reported to be
toxic and carcinogenic (Prior, 2004; Vandghanooni et al., 2013). Therefore, the
utilization of natural antioxidants is important to reduce consumers' negative
perceptions of synthetic antioxidants.

The interest in natural antioxidants has been growing and being explored. The
majority of natural antioxidants are phenolic compounds, and the most important
groups of natural antioxidants are tocopherols, flavonoids, and phenolic acids (Gulcin,
2012). Polyphenols is a secondary plant metabolites that are commonly found in
human and animal diets. They are found in a variety of plant parts, including roots,
leaves, flowers, fruit, and seeds, and they protect plants from pests and UV radiation.
Polyphenols contain active ingredients, have non-specific effects on living organisms,
and regulate enzyme and cell receptor activity (D Archivio et al., 2007). Polyphenols
are potent antioxidants that protect against oxidative stress (Paszkiewicz et al., 2012).
Flavonoids are the most abundant type of polyphenol, and they are further classified
into six subclasses: anthocyanins, isoflavones, flavanones, flavonols, flavones, and
flavanols (Surai, 2014).

Bioflavonoids found in fruits and vegetables have been shown to have a variety of
biological impacts, including free radical scavenging action. Bioflavonoids have been
shown to protect against DNA damage induced by hydroxyl radicals. Metal ions, such
as copper or iron, can be chelated by bioflavonoids. Biofavonoid complexes with
copper or iron inhibit ROS production (Nimse and Pal, 2015). Antioxidant properties of
flavonoids are depending on structural features such as the number and position of
hydroxyl groups and the number of phenol rings. Flavonoids can scavenge peroxyl
radicals, prevent lipid peroxidation, and chelate metal ions (Duthie and Crozier, 2000;

Rice-Evans, 2001; Prochazkova et al., 2011). Flavonoids are also effective
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supplementary agents to improve antioxidant status, enhance the immune system,
and increase antioxidant enzyme activity to scavenge oxygen free radicals leading to
reduced malondialdehyde concentration (Goliomytis et al., 2014).

Quercetin belongs to the flavanol class in the flavonoid group which is abundant
in fruits and vegetables (Arabbi et al., 2004). Quercetin is a potent antioxidant that
protects against diseases related to oxidative stress such as inflammation, cancer, heart
disease, and degenerative diseases (McDermott, 2000). Liu et al. (2014) reported that
supplementation of quercetin at 0.2 and 0.4 g¢/kg diet significantly increased laying rate
and feed efficiency. The groups with the quercetin supplementation also have a higher
value in Haugh unit, eggshell strength, eggshell thickness, and yolk protein compared
to the control. The addition of onion extract rich in quercetin 0.0032% in hen diets
increased egg weight, albumen, and yolk quality (Damaziak et al., 2017). Quercetin
supplementation at 0.4 g/kg of feed in laying hens increased feed intake and eggshell
weight compared to its concentrations at 0.2 and 0.8 g/kg feed. The quercetin at all
levels in the diet also improved egg yolk oxidative stability of the fresh egg and stored
egg for up to 90 days (Simitzis et al., 2018). Gopi et al. (2020) found that the addition
of 0.05 g/kg of polyphenol extract from pomegranate peel increased the productivity
of a broiler fed with broken-rice sorgshum as a source of cereal under stress conditions.
In a study conducted by Wang et al. (2017) tea polyphenols at doses of 0.6 or 1 g/kg
of feed increased egg production and albumen quality in the late-laying phase. Zhu et
al. (2020) found that the addition of different tea polyphenols (epigallocatechin gallate,
DL-catechin, epigallocatechin, epicatechin, gallate, epigallocatechin, catechin) at
concentration of 1 g¢/kg diet reduced the average feed intake and increased the feed
efficiency of laying hens in the first 4 weeks. The use of resveratrol 0.4 g/kg in quail

improved the antioxidant status of both birds and eggs (Sahin et al., 2010).



15

Extracellular
matrix

Inflammation
Apoptosis

R

Antioxidant \\’?\\
enzymes formation ~ \)
Oxidative
DNA damage \

Nucleus |

Mitochondrial |
| ]

damage
Figure 2 The mechanisms by which polyphenols interact with free radicals to reduce
oxidative damage

(Enaru et al., 2021)

Polyphenols are substances that have antioxidant effects that can neutralize free
radicals by donating an electron or a hydrogen atom. Polyphenols can inhibit the
formation of free radicals thereby reducing the rate of oxidation by inhibiting the
formation of reactive species and free radical precursors or by deactivating them (Enaru
et al,, 2021). According to Tsao (2010), polyphenols can directly act as radical
scavengers (chain breakers) in the lipid peroxidation chain by transferring electrons to
free radicals, causing them to become stable or less reactive, and subsequently stop
the reaction. Furthermore, polyphenols can function as metal chelating agents in the
Fenton reaction thereby reducing the rate of reaction and preventing the formation of
hydroxyl radicals (Pietta, 2000; Perron and Brumaghim, 2009). Polyphenols also act as
co-antioxidants and are part of the process of regenerating essential vitamins so that
these compounds will increase the activity of endogenous antioxidant enzymes such
as glutathione peroxidase, superoxide dismutase, and catalase (Zhou et al., 2005; Du
et al,, 2007). Furthermore, several polyphenolic substances can stimulate the release
of Nrf2, a transcription factor for oxidative stress defense systems. When cells are
subjected to oxidative stress, the bond between Nrf2 and Keapl breaks, causing Nrf2
to be released and accumulate in the cytoplasm. After that, it is easily translocated
into the nucleus to play its role as a transcription factor gene expression to create

antioxidant enzymes.
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6. Bioavailabilty and metabolism of polyphenol
The absorption of nutrients into the body for their utilization for metabolic function

is defined as bioavailability (Palafox-Carlos et al.,, 2011). Polyphenols are bioactive
compounds that are neither macro nor micronutrients but have benefits and effects
on specific cells and tissues. The availability of polyphenols depends on the type of
compound, the physical and chemical properties, and the presence of functional
groups (D Archivio et al., 2007).

In poultry or monogastric animals, the metabolism of phenolic compounds begins
in the upper intestinal epithelium and then proceeds to the lower intestine, liver, and
then in peripheral tissues, including adipose tissue and kidney. The route of absorption
of phenolic compounds can be through the stomach and intestine or absorbed in the
colon after chemical modification by microbiota in the colon. Microbes in the colon
allows polyphenols to be absorbed into the bloodstream and then excreted through
bile or urine (Brenes et al,, 2016). Only 5 to 10% of the polyphenols consumed are
absorbed by the small intestine, while 90-95% will pass to the large intestine along
with other conjugates excreted by bile (Chiva-Blanch and Visioli, 2012). Subsequently,
polyphenols are exposed to intestinal enzymes and gut microbes, which degrade the
polyphenolic structure into smaller molecules. In the animal body, polyphenols are
transformed into glycosides, esters, and polymeric forms which need to be hydrolyzed
by gut microbes and intestinal enzymes for absorption.

Phenolic compounds with a less complex structure will undergo several
biotransformations namely oxidation, reduction, and hydrolysis which convert them
into water-soluble metabolites in enterocytes before reaching the liver. Complex
phenolic compounds are not absorbed in the small intestine and reach the colon. In
the colon, the gut microbiota will hydrolyze glycosides to form aglycones. This process
reduces the complexity of the phenolic hydroxyl group structure to a phenol
metabolite with a low molecular weight that can be absorbed. Once absorbed, these
molecules will enter the liver via hepatocytes, where they will undergo a
biotransformation process called conjugation which facilitates the absorption (the

hydrophobicity) of the molecules and aids in rapid elimination. Finally, metabolites
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enter the circulation system and are distributed to target organs or excreted through

the urine (Cardona et al., 2013; Lavefve et al., 2020).
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Figure 3 Plant polyphenol absorption and metabolism in monogastric farm animals
(Serra et al., 2021)

7. Boesenbergia rotunda application in animal
B. rotunda, known as fingerroot, is a plant from the Zingiberaceae family. B. rotunda

is distributed in Southeast Asia such as Indonesia, Malaysia, and Thailand (Abdelwahab
et al,, 2011). It is popular to be used as a medicine or as a cooking condiment. B.
rotunda contains many compounds that have medicinal potential and are widely used
as a traditional medicine for rheumatism, muscle pain, pain relief, gastric disorder, and
flatulence (Tan et al,, 2011; Eng-Chong et al., 2012).

Intensive research on this plant has been widely investigated in terms of
phytochemical analysis, and biological evaluation. The major phytochemicals of this
plant are flavonoids (e.g. flavanones, flavones, chalcones, and prenylated flavonoids)
which have biological potential due to their medical effects (Chahyadi et al., 2014).

Bioactive compounds of B. rotunda are grouped into two main groups, namely
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flavanones (e.g. alpinetin, pinostrobin, and pinocembrin) and chalcones (e.q.
boesenbergin, cardamonin, panduratin A, and 4-hydroxypanduratin A) (Kirana et al,,
2007; Jing et al., 2010; Yusuf et al,, 2013).

Pinostrobin is reported to increase the activity of antioxidant enzymes and quinone
reductase (Fahey and Stephenson, 2002). Pinostrobin significantly decreased
malondialdehyde concentration in the stomach of rats induced gastric ulcers with
ethanol and could stimulate the mucosal defense system by stimulating gastric
mucosal secretion and scavenging reactive oxygen species (super-oxide anions) and
free radicals (Abdelwahab et al., 2011). The rhizome extract of B. rotunda showed
biological activity as an antioxidant, reduced hepatic lipid accumulation, and might
prevent non-alcoholic fatty liver disease (NAFLD) (Kiat et al., 2006; Kim et al., 2012).
The ethanol extract, bioactive compounds, and flavanones (pinocembrin and
pinostrobin) from B. rotunda showed antioxidant activity against 2,2-diphenyl-1-
picrylhydrazyl (DPPH) (Tanjung et al.,, 2013; Atun et al,, 2018). The ethanol extract of
B. rotunda had an antioxidant activity with a DPPH value of 76.3 mg/mL (Jitvaropas et
al., 2012). Boesenbergin A, one of the major active compounds of B. rotunda showed
antioxidant potential based on the Oxygen Radical Antioxidant Capacity (ORAC) assay.
Boesenbergin A 20 ug/mL is equivalent to a Trolox concentration of 11.91 uM (water-
soluble derivative of vitamin E with potent antioxidant properties) (Isa et al., 2012).

Previous studies on B. rotunda as a feed supplement either in powder or extract
have been conducted. The oil extract of fingerroot at 356 ppm in broilers diet had the
potential for anticoccidiocidal activity as salinomycin at 60 ppm, promoted feed intake
and had no toxicity to animal tissues even after prolonged administration (Jitviriyanon
et al,, 2016). The supplementation of fingerroot powder up to 20 g¢/kg diet increased
the protein mass of broiler meat, protein digestibility, nitrogen retention, feed intake,
body weight, carcass percentage, and meat-bone ratio, but decreased feed conversion
ratio (Artanto et al, 2016; Astungkarawati et al., 2016; Mentari et al, 2016).
Supplementation of fingerroot powder at the level of 10 g/kg diet in Nile tilapia fish
improved growth performance, increased skin mucus activity as well as serum immune
mechanisms, and provided resistance to pathogenic bacteria Streptococcus agalactiae

(Van Doan et al., 2019). The inclusion of a 4 g/kg diet of B. rotunda extract has a strong
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effect on the improvement of growth, feed efficiency, immunity, and resistance against
infection by the bacteria Aeromonas hydrophila and Pseudomonas fluorescens in the
Goldfish (Hardi et al., 2021). Therefore, the supplementation of B rotunda in laying
hens' diet is interesting for further research, especially on their production

performance, egg quality, and egg yolk oxidative stability.
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CHAPTER 3
MATERIALS AND METHODS

1. Fingerroot powder preparation and analysis
A total of 150 ke of fresh rhizomes of fingerroot were purchased from a local market

in Nakhon Pathom province, Thailand. The fingerroot was cleaned, thinly sliced, and
dried in an oven at 60 °C for 24 hours. The dry fingerroot rhizomes were powdered
following the method by Abdelwahab et al. (2011). The total phenolic and total
flavonoid content of fingerroot powder was determined by using the Folin-Ciocalteu
assay and aluminum chloride assay. Total phenolic content was expressed as mg gallic
acid equivalents (GAE) in mg 100 mg of powder, while the total flavonoid content was
expressed as mg quercetin equivalents (QE). The proximate analysis of fingerroot
powder was carried out out by the methods of the Association of Official Analytical

Chemists (AOAC, 2000).

Table 1 The total flavonoid and phenolic compound of fingerroot powder

Compound Test Result
Total phenolics 0.72 (GAE mg/100 mg)
Total flavonoids 0.62 (QE mg/ 100 mg)

Table 2 Proximate composition of fingerroot powder

ltem Amount
Gross energy (Cal/g) 3997.70
Crude protein (%) 6.21
Crude fibre (%) 5.71
Fat (%) 2.21
Moisture (%) 3.72

Ash (%) 7.66
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2. Birds, diets, and management
A total of 192 Hy-Line brown laying hens aged 43 weeks were divided into four

experimental groups, with 48 hens each (8 replicates; 6 birds). Laying hens were placed
in a metal wire cage (40 cm width x 40 length x 30 height) with three birds per cage in
the evaporative cooling system house. The average temperature and humidity levels
were around 30 °C and 889%, respectively. Throughout the trial, daily lighting of 16
hours of light and 8 hours of darkness was used. The feed and water were provided
ad libitum. The experimental diets were formulated by using the corn and soybean
meal basal diet in mash form (Table 3) according to the nutritional recommendation
of the Hy-Line brown laying hen described in the management guide (2018). Dietary
treatments were as follows: control (T0) (basal diet), a basal diet supplemented with
vitamin E at 250 mg/kg diet as positive control (T1), a basal diet containing fingerroot
at 20 (T2) and 40 (T3) g¢/ke diet, respectively. Table 3 shows the ingredients and the
nutrient composition of experimental diets. The experimental period of feeding trial

was conducted for 42 days.
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Table 3 Ingredients and nutrients composition of the experimental diet

Experimental diets’

ltem
TO T1 T2 T3
Ingredient
Corn 59.54 59.54 57.33 55.11
Soybean meal 21.63 21.63 21.71 21.79
FFSB 5.00 5.00 5.00 5.00
Soybean oil 1.79 1.79 1.92 2.05
DCP 1.70 1.70 1.71 1.72
Limestone 9.51 9.51 9.50 9.50
Salt 0.40 0.40 0.40 0.40
DL-Met 0.18 0.18 0.18 0.18
Premix” 0.25 0.25 0.25 0.25
Vitamin E s 0.025 - -
Fingerroot powder N X 2.00 4.00

Calculated energy and nutrient content

ME (kcal/kg) 2800 2800 2800 2800
Crude protein (%) 16.00 16.00 16.00 16.00
Lysine (%) 0.78 0.78 0.77 0.77
Methionine (%) 0.41 0.41 0.41 0.41
Fat (%) SLiLN ! 5.11 5.2 5.31
Fiber (%) 3.07 3.07 3.14 3.21
Ca (%) 3.91 3.91 3.91 3.91
Available P (%) 0.40 0.40 0.40 0.40

T0: control diet; T1: supplemented with vitamin E at 250 mg/ke diet; T2: basal diet

containing fingerroot at 20 g/ke diet; T3: basal diet containing fingerroot at 40 g¢/kg diet

Premix composition per kg feed: Vitamin A = 5,000 IU, Vitamin D3 = 800 IU, Vitamin E
= 5 mg, Vitamin K3 = 0.825 mg, Vitamin B1 = 0.55 mg, Vitamin B2 = 1.125 mg, Vitamin
B12 = 0.011 mg, Nicotinic acid = 1.5 mg, Copper = 0.25 mg, Iron = 25 mg, lodine =
0.375 mg, Mn = 22 mg, Cobalt = 0.325 mg, Ca = 132 mg.
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3. Sample collection and analysis

3.1 Productive performance

The parameters of laying performance include feed intake, egg production, egg
weight, egg mass and feed conversion ratio. The parameters of laying performance
were monitored during the experimental period. Feeding, egg collection, and
data recording was carried out every day.

The feed residues were weighted weekly to calculate the feed intake. The feed
intake was calculated by the formula according to (Sung and Adeola, 2022):

Feed intake (g/bird/day) = amount of feed consumed (g) + the number of bird.
(1)

The eggs were weighted daily and the average of the egg weight was obtained
weekly. The egg production and egg mass were determined by these following formula
(Araujo et al., 2015):

Egg production (%) = (the number of produced egg + number of bird) x 100. (2)
Egg mass (g) = egg production (%) x egg weight (g). (3)

The feed conversion ratio was calculated by the formula according to Clark et al.
(2019):

FCR = feed intake (g) + egg mass production (g). (4)
3.2 Egg quality and composition

In the last of 3 and 6™ week of the experiment, 2 eggs per replicate were selected
randomly for egg quality tests (16 eggs per group/ 64 eggs in total). The internal and
external of egg quality parameters evaluated included egg weight, eggshell strength,
eggshell thickness, egg shape index, Haugh unit, yolk color, yolk index, albumen height,
whole egg composition (albumen weight, yolk weight, shell weight) and proportion
(yolk-to-egg weight ratio, albumen-to-egg weight ratio, eggshell-to-egg weight ratio). Egg
weight, eggshell strength, albumin height, Haugh unit, yolk index and yolk color were
determined by using a Digital Egg Tester DET6500 (Nabel, Kyoto, Japan). The yolk index
was calculated by dividing the yolk height by the yolk diameter. The yolk was weighed
separately to obtain its weight and its ratio to egg weight. The albumen weight is

obtained by subtracting egg weight from yolk weight and shell weight. The eggshells
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were rinsed and air-dried at room temperature overnight and shell weight were
recorded. The dried egghells were used to evaluate the shell thickness.

The eggshell thickness and shape index are important physical properties because
they influence crushing strength and cracked egg risk. The thickness of dried shells with
the membrane still intact was measured with a micrometer to the nearest 0.1 mm.
The measurements were taken at three points on the eggshell: around the equator,
the blunt, and the sharp area of the eggshell. The mean of the three locations was
used to determined the shell thickness. The egg shape index was determined by
measuring the egg length and width with a caliper. The egg shape index value was
calculated by using the following formula according to (Anderson et al., 2004):

Shape Index = diameter/height x 100. (4)

The eggs shape index values was classified into three groups based on the shape
index value obtained, namely sharp eggs (SI<72), normal eggs (SI=72-76), and round
eggs (SI>76).

3.3 Lipid peroxidation of egg yolk

Lipid peroxidation is a process that occurs when free radicals react with
polyunsaturated fatty acids in cell membranes, resulting in the formation of lipid
peroxidation products, such as malondialdehyde. Malondialdehyde is biomarker that
widely to assess lipid peroxidation. On the last day of the experiment, a total of 128
eggs (4 eggs per replicate) were randomly collected for storage at room temperature,
and the malondialdehyde of the egg yolk was evaluated on the 0, 7, 14, and 21 days
after storage.

The malondialdehyde measurement was conducted by the TBARS method as
described by Kara et al. (2016). About 1 ¢ of egg yolk was diluted in 9 ml of 1.15%
KCL. 0.1 ml of this dillution was homogenized in 5 mL of 80 mM Trismaleate buffer (pH
7.4), 0.2 mL of 5 mM iron sulfate, and 0.2 mL of 2 mM ascorbic acid at 3000 rpm for
10 seconds in capped tubes on a vortex. The 2 mL of TCA-TBA-HCL solution (150 g of

trichloroacetic acid and 3.75 g of thiobarbituric acid dissolved in 1 L of 0.25 N HCl) was
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added to the homogenate in the tubes. The tubes were incubated at 100 °C for 15
minutes. After that, the tubes were centrifuged for 20 minutes at 2200 rpm (+4°C). A
spectrophotometer was used to evaluate the absorbance of the supernatant at 535
nm in comparison to a blank. The concentration of malondialdehyde in analyzed
samples (nmol/mg, yolk) will be calculated using the formula according to Kara et al.
(2016):

MDA (nmol/mg) = (6.4102 x 1000 x 3 x absorbance value) + (100 x mg/mL samples).

(6)
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4. Data analysis
Statistical analysis of data were performed with the SAS program by using one-way

ANOVA for performance and egg quality, two-way ANOVA for egg vyolk
malondialdehyde, followed by Duncan's post hoc test. All values are expressed as
the mean+standard deviation (SD) of eight replicates, and the data are considered

statistically significant only if the p-values are less than 0.05.
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CHAPTER 4
RESULTS

1. Productive performance
The influence of experimental diets on productive performance is shown in Table

4. There was no significant different in egg weight, egg mass, laying rate, feed intake,
and feed conversion ratio during the first experimental period (1 to 3 week). In the
second period of the experiment (4 to 6 week), there was a significant difference in
egg weight and feed intake. The egg weight of the layers fed diet containing 20 ¢
fingerroot powder (T2) was higher than the control group (P < 0.05). There was a
significant decrease (P < 0.05) in feed intake in the group fed diet containing 40 ¢
fingerroot powder (T3) compared to other groups. During 1°-6" week, feed intake in
T3 was lower than that in T1 and T2 (P < 0.05) but it was not different from T1.
Moreover, the inclusion of 40 ¢ fingerroot powder to the layer diet had better FCR
compared to the others (P < 0.05) during the second and in the whole experimental

period.

Table 4 The effect of fingerroot powder on the laying performance

Treatments’
Parameter SEM?  P-Value
TO T1 T2 T3
Feed intake (g/h/d)
1-3 week 119.22 12306 12191 11731 518  0.1345
4-6 week 108.30°  110.28°  109.91°  102.3¢* 412  0.0020*
1-6 week 113.76® 116.67° 11591° 109.83° 4.11  0.0113*
Laying rate (%)
1-3 week 91.66 93.55 89.91 9216 338  0.2153
4-6 week 92.15 93.32 87.41 9183 510  0.1279

1-6 week 91.91 93.44 88.65 91.99 3.80 0.1046
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Egg weight (g)

1-3 week 60.57 61.44 61.90 61.47 1.40  0.3069
4-6 week 60.30°  61.09%°  62.26°  61.66®° 133  0.0404*
1-6 week 60.43 61.26 62.08 61.57 133 0.1142

Egg mass (g)

1-3 week 55.54 57.49 55.66 56.67 2.59 0.4061
4-6 week 55.57 57.03 54.51 56.65 3.75 0.3792
1-6 week 5555 57.26 55.09 56.66 297 0.4569

Feed conversion ratio

1-3 week 2.15 2.15 2.19 2.08 0.009  0.1032
4-6 week 1.96° 1.94° 2.03° 1.81°  0.111  0.0041*
1-6 week 2.05° 2.04° 2.11° 1.94°  0.007 0.0009*

Different letters in the same row (a, b, ¢) indicate significant differences (P < 0.05).

'T0: control diet; T1: supplemented with vitamin E at 250 me/kg diet; T2: basal diet
containing fingerroot at 20 g/kg diet; T3: basal diet containing fingerroot at 40 g/kg diet. °SEM

= standard error of the mean.

2. Egg quality
The influences of experimental diets on internal egg quality are summarized

in Table 5. At 3 weeks of feeding, no difference was found in all parameters except
for the egg yolk color. The yolk color in T3 was significantly different from that in TO
and T1 (P < 0.05) but it was not different from that of T2. However, at 6 weeks of
feeding, the experimental diets did not give any different effect on internal egg quality.

The physical characteristics of the egg were measured to determine the external
egg quality. The data of external egg quality is shown in Table 6. The shell strength,
shell thickness, and shape index were not influenced by the experimental diets among
groups in both experimental periods.

The experimental diets gave results with significant differences in the albumin
weight and shell weight at 6 weeks of feeding (Table 7). The diet supplemented with
fingerroot powder at 20 ¢ (T2) had a higher albumen weight and shell weight compared
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to the control (TO) and vitamin E (T1) diets. However, there was not significant

difference between T2 and T3.

The proportion of the whole egg composition is presented in Table 8. The data

indicates that the experimental diets did not affect all egg proportion parameters as

no significant difference was found among groups.

Table 5 The effect of fingerroot powder on internal egg quality

Treatments!
Parameter SEM?  P-Value
TO T1 T2 T3
At the end of 3 weeks

Albumen height (mm) 8.33 8.45 8.14 8.18 0.68  0.7882
Haugh unit 90.35 90.91 88.95 88.59 3.44 0.6866
Yolk index 0.441 0.443 0.431 0.432 0.003  0.7850
Yolk color 5.85° 5.70° 5.60% 534° 026  0.0049*

At the end of 6 weeks

Albumen height (mm) 7.79 7.40 8.02 8.15 0.84 0.3168
Haugh unit 86.85 86.98 88.52 89.84 6.39  0.7599
Yolk index 0.437 0.432 0.448 0.433 0.02 05848
Yolk color 5.21 5.11 5.09 4.84 0.43 0.4179

Different letters in the same row (a, b, ¢) indicate significant differences (P < 0.05).

'T0: control diet; T1: supplemented with vitamin E at 250 mg/kg diet; T2: basal diet

containing fingerroot at 20 g/kg diet; T3: basal diet containing fingerroot at 40 g/kg diet. °SEM

= standard error of the mean.
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Treatments!
Parameter SEM®*  P-Value
TO T1 T2 T3
At the end of 3 weeks
Shell strength (N) 51.33 49.55 51.33 49.90 5.88 0.8932
Shell thickness (mm) 0.38 0.37 0.40 0.39 0.018 0.0936
Shape index 92.84 93.00 93.02 92.83 0.53 0.8443
At the end of 6 weeks

Shell strength (N) 44.65 46.62 45.78 46.97 3.53 0.5676
Shell thickness (mm) 0.36 0.36 0.38 0.37 0.017 0.3994
Shape index 93.21 92.57 93.19 93.14 0.56 0.0950

Different letters in the same row (a, b, ¢) indicate significant differences (P < 0.05).

T0: control diet; T1: supplemented with vitamin E at 250 mg/ke diet; T2: basal diet

containing fingerroot at 20 g/kg diet; T3: basal diet containing fingerroot at 40 g/kg diet.

2SEM = standard error of the mean.

Table 7 The effect of fingerroot powder on the whole egg composition

Parameter

P-Value

At the end of 3 weeks
Albumen weight (g)
Yolk weight (¢)
Shell weight (g)

At the end of 6 weeks
Albumen weight (g)
Yolk weight ()
Shell weight (g)

Treatments!

SEM?

T0 T1 T2 T3
42.09 41.88 4291 41.65 3.47
15.54 15.73 15.49 15.32 0.94
6.30 6.06 6.64 5.92 0.69
38.87° 38.63° a1.67°  40.04%°  2.06
15.01 14.81 14.87 14.99 0.66
5.77° 5.78° 6.24° 5.93% 0.34

0.8970
0.8568
0.2015

0.0237*
0.9219
0.0330*

Different letters in the same row (a, b, ¢) indicate significant differences (P < 0.05).

'T0: control diet; T1: supplemented with vitamin E at 250 mg/kg diet; T2: basal diet

containing fingerroot at 20 g/kg diet; T3: basal diet containing fingerroot at 40 g/kg diet. °SEM

= standard error of the mean.
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Treatments!
Parameter SEM®  P-Value
TO T1 T2 T3
At the end of 3 weeks
Albumen ratio 65.80 65.71 65.91 66.14 1.89 0.9721
Yolk ratio 24.39 24.75 23.88 24.42 1.44 0.6879
Shell ratio 9.82 9.53 10.20 9.44 0.96 0.4011
At the end of 6 weeks
Albumen ratio 65.37 64.95 66.35 65.53 1.02  0.0724
Yolk ratio 26.05 25.30 23.70 24.69 205 0.1571
Shell ratio 9.69 9.74 9.95 9.77 0.39 0.6064

Different letters in the same row (a, b, ¢) indicate significant differences (P < 0.05).

T0: control diet; T1: supplemented with vitamin E at 250 mg/ke diet; T2: basal diet

containing fingerroot at 20 g¢/kg diet; T3: basal diet containing fingerroot at 40 g/kg diet.

2SEM = standard error of the mean.
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3. Lipid peroxidation of the egg yolk
The effect of fingerroot powder supplementation on egg lipid peroxidation was

evaluated by measuring malondialdehyde levels in fresh and stored eggs at 7, 14, and
21 days. The results showed that the experimental diets did not affect
malondialdehyde levels in fresh or stored eggs. The malondialdehyde levels in egg
yolk were increased in all groups at 21 days of storage. The diets did not impact on
the malondialdehyde level in the egg yolks. The malondialdehyde levels in the egg
yolk increased by storage time. There was no relationship between the diet and

storage time.

Table 9 Malondialdehyde level of fresh and stored egg

MDA level (nmol/mg)

Main effect

Diet T0 1.196+0.032
T1 1.134+0.031
T2 1.188+0.029
T3 1.173+0.030

Storage time 0 1.022 +0.030°
7 1.098+0.032°
14 1.017+0.029°
21 1.555+0.032°

Diet 0.503

Storage time 0.000

Diet*Storage time 0.616

Superscript letters indicate significant differences (P < 0.05).
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CHAPTER 5
DISCUSSION

1. Laying hen performance
The addition of fingerroot powder at 40 g¢/kg diet decreased feed intake. Based on

its total polyphenol, fingerroot powder at concentrations of 20 and 40 g contained 268
and 536 mg of polyphenol respectively. According to Darmawan et al. (2022) the
optimum dose of phytogenic feed additives for laying hens is 300 mg/kg of diet. Higher
level of phytogenic additives tend to reduce production performance and feed
efficiency. The relatively high polyphenol content in the diet may be responsible for
the decrease in feed intake at a concentration of 40 g. This study is similar to Ghasemi
et al. (2010) who found that the feed intake of layers was decreased during 6 weeks
of garlic and thymes powder supplementation. According to Brenes and Roura (2010),
the inclusion of phytogenic compounds in poultry decreased feed palatability due to
pungent odor, leading to reduce feed intake. However, the study found that 40 ¢
fingerroot did not reduce production performance. In agreement with our findings,
Sahin et al,, (2010) observed that the laying performance parameters were unaffected
by the addition of 200 and 400 ppm resveratrol. Several studies reported that
supplementation of phytogenic feed additives such as garlic, fennel, and coneflower
provided benefits in increasing production performance such as increased body weight,
feed conversion, egg production and quality in both broilers and laying hens (Aji et al.,
2011; Khan et al., 2011; Rahimi et al., 2011).

It was discovered that adding fingerroot powder at a concentration of 20 ¢
improved the average egg weight during the second experimental period. However,
the egg mass did not affected by the experimental diets. The polyphenol compounds
in fingerroot may be involved in hormonal regulation that plays a role in egg formation.
According to Jing et al. (2010), fingerroot contains polyphenol compounds such as
caffeic acid, coumaric acid, chlorogenic acid, hesperidin, kaempferol, naringin, and
quercetin. Kaempferol is a bioflavonoid with several beneficial properties, including
anticancer, anti-inflammatory, and antioxidant effects (Luo et al,, 2011). Flavonoids

have a comparable structure to steroid hormones, particularly estrogens (Zand et al,,
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2002). Some flavonoids have a similar structure to 1YB—estradioL. 1YB—estradiol is the
major estrogen involved in laying hen sexual maturation, as well as the activation of
egg shell development and egg interior components (Hanlon et al., 2022).

It was observed that fingerroot powder at concentartion 40 g improved feed
efficiency. Lower feed conversion value indicates that the feed utilized efficiently.
Wang et al. (2017) stated that phytogenic feed additives can increase the secretion and
activity of the enzymes amylase, trypsin, chymotrypsin, and lipase. Boka et al. (2014)
also reported that phytogenic feed additives contribute in modulating gut microbes,
enhancing digestibility and absorption of nutrients, and improving ovarian health that
subsequently improves laying performance (Boka et al., 2014).

Improvement in nutrient digestibility may also be related to morphological changes
in the gut such as modifications in the size of villi and crypts in the jejunum and colon
in chickens that ingest phytogenic feed additives. Adibmorabi et al. (2006) reported
that garlic powder supplementation increased villi height and decreased crypt depth.
Longer Villi increase the surface area resulting in the increase of available nutrient
absorption (Yasar, 1999). According to some studies, the increases in feed efficiency in
poultry fed phenolic compounds was due to changes in the intestinal surface area as
well as the activity of digestive enzymes, which lead to better nutrient absorption
(Mountzouris et al., 2011; Viveros et al., 2011).

Although many studies report that phytogenic feed additives may improve animal
performance, some also report the opposite. This is due to many factors such as
location or plant origin, plant species, growth stage, harvest time, soil type, climate
and stress conditions, cultivation practices, fertilization, and irrigation (Yitbarek, 2015).
The different results of phytogenic feed additives may be due to the use of different
phytogenic products, the level and time of inclusion, and the interaction of the
compounds from each plant (Saki et al., 2014).

Excessive polyphenols had a detrimental effect on digestive tract health, nutrient
absorption, digestive enzyme activity, vitamin and mineral absorption, laying
performance, and egg quality (Abd El-Hack et al., 2023). The presence of polyphenol

compounds in diet may have several adverse metabolic effects related to lower
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nutritional efficiency, inhibition of digestive enzymes, and increased excretion of
endogenous proteins (Brenes and Roura, 2010). Polyphenols have a detrimental impact
on poultry when highly added in the diet. The decline in poultry performance after
polyphenols supplementation can be attributed to lower fat and protein digestibility
via two mechanisms i.e, polyphenols binding to bile salts or deactivated digestive
enzymes (Brenes and Roura, 2010). According to Krogdahl (1985), the presence of
tannins in some polyphenols could bind bile salts thereby reducing fat digestibility.
Several studies confirmed that polyphenols could inhibit digestive enzymes such as
Ol-glucosidase, Q-amylase, lipase, and trypsin (Longstaff and McNb, 1991; You et al,,
2011;Yilmazer-Musa et al., 2012). Harigome et al. (1988) also stated that polyphenols
reduced the activity of digestive enzymes and could bind to feed ingredients and
endogenous proteins to form insoluble complexes. Some polyphenol compounds also
reduced the absorption of minerals such as iron, zinc, and copper (MA, 2013). However,
no negative effects were found from fingerrot powder supplementation in this study.

2. Egg quality
2.1 Albumen quality

Our finding suggest that fingerroot at 20 g¢/kg diet improved albumen weight.
Fingerroot contains many active compounds that has anti-inflammatory and
antioxidant properties such as pinocembrin, pinostrombin, alpinetin, panduratin,
cardamonin, quercetin, and kaempferol (Eng-Chong et al., 2012). These active
ingredients may be able to minimize oxidative stress, prevent cell damage, and
improve the health of the magnum that responsible for the synthesis and secretion of
albumen. Saraswati et al. (2014) found an increase in albumen height and egg protein
in layers-fed turmeric powder, demonstrating that the active ingredients in turmeric
powder improved the proliferation of epithelial cells and tubular gland cells in the
magnum, allowing them to synthesize and produce albumen. According to Saraswati
et al. (2013) and Herve et al. (2019) the success of phytogenic supplementation of
turmeric powder and essential oil of ginger is mediated by increasing the concentration
of circulating estrogen, which is the main reproductive hormone that plays a role in
determining egg mass and quality. Estrogen hormone not only stimulates the

production of yolk material that includes very low-density lipoprotein (VLDL),
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vitellogenin, apolipoprotein (apo) B, and apoVLDL-Il in the liver but also controls the
oviduct in synthesizing and secreting albumen (El-Azeem et al., 2018).

The increased albumin weight in this study also could be due to the polyphenols
in the fingerroot influencing the protein albumen. Wang et al. (2018) also found that
adding tea polyphenols to laying hen's diet increased ovomucin fraction in albumen.

The experimental diets in both experimental periods did not affect on albumen
height and Haugh unit. Our finding is similar to previous research conducted by Yalcin
et al. (2006) who found that feeding 5 and 10 g/kg garlic powder had no influence on
albumen index and Haugh unit values in laying hens. Ghasemi et al. (2010) reported
that Haugh unit was unaffected by garlic supplementation at 2 g/kg diet.

One of the primary protein components of albumin is ovomucin, which helps to
maintain the structure of the protein by stabilizing protein-protein bonds, the nature
of the viscous gel, and the height of albumen thickness, all of which contribute to the
Haugh unit value (Omana et al., 2010; Wang et al., 2018). Albumen quality is assessed
by using the Haugh unit (HU) value; a high HU value indicates thick albumen with a
strong viscosity, which reflects superior albumen quality (Zhang et al., 2020b). Albumen
qualiy depends on the amount of B—ovomucin secreted by the magnum, and B
ovomucin is responsible for albumen height (Ozgan et al., 2009). Ovomucin is the factor
responsible for albumen height. The deterioration of ovomucin caused a decrease in
albumin height (Stevens, 1996).

Several studies reported that Haugh wunit score increased in laying hens
supplemented with phytogenic feed additives (Abdel-Wareth and Lohakare, 2020;
Marume et al., 2020). According to the United States Department of Agriculture (USDA)
(2000), eggs labeled grade AA (excellent quality) must have a HU value of more than
72. Meanwhile, eggs with HU values between 55 and 72 are defined as grade A (high-
quality eggs), eggs with HU values greater than 30 are classified as grade B (medium-
quality eggs), and eggs with HU values less than 30 are classified as low-quality eggs.
However, the Haugh unit value in this study ranged from 88.59 to 90.91, indicating that
the eggs were of good quality and classified as grade AA.
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2.2 Egg yolk quality

The experimental diet did not affect egg yolk weight and yolk index. The yolk
weight in this study ranged from 14.81 to 15.73 ¢, with its percentage to egg weight of
23.70-26.05%. The yolk index ranges from 0.432 to 0.448. The previous study reported
that the supplementation of tea polyphenol at 600 mg/ke diet has no effect on yolk
index (Zhou et al., 2020). Another stuy also stated that no effect found on yolk index
in laying hens fed with grape seed (Kara et al,, 2016). The yolk index is the ratio
between the height and the diameter of the yolk. The yolk index describes the
freshness of the eggs. Fresh eggs have a yolk index value ranging from 0.33-0.50, with
an average of 0.42. Increasing the shelf life of eggs reduces the yolk index because the
size of the yolk increases due to water passing from the albumen (Swacita and Cipta,
2011).

The supplementation of fingerroot powder at a concentration of 40 g significantly
decreased egg yolk color at 3 weeks feeding. The possible explanation is that the feed
supplemented with 40 g fingerroot powder contains less corn (Table 1) containing
zeaxanthin, which is responsible for the color of egg yolks. Egg yolk color is affected
by the consumption of zeaxanthin, lutein, alpha-carotene, beta-carotene, and
carotenoids (Hammershgj et al., 2010). The lower feed intake in this group might affect
egg yolk color. The possible reason is because the lower feed intake impacts the
delivery of nutrients, particularly pigments. Inadequate pigment intake appears to be
the cause of the decrease in egg yolk color as compared to the control and vitamin E-
supplemented group. Laying hens are unable to synthesize the pigment responsible
for yolk color. The pigment that deposited in egg yolk are hydroxy carotenoids or
xanthophylls that is dependent on the fat-soluble pigment present in the diet (Nelson
and Baptist, 1968; Yildirim et al., 2013).

Vitamin E is a natural antioxidant that affects stabilizing egg yolk color when added
to poultry feed . The egg yolk pigment is associated with fat molecules in the yolk
membrane, in which vitamin E can stabilize egg yolk pigment (Jackson et al., 1978).
However, vitamin E supplementation at a level of 250 mg/kg of feed in this study did

not show any difference from the control on egg yolk color.
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2.3 Egg shell quality

The physical characteristic of animal products is essential because it influences the
treatment and equipment used during transportation, processing, packaging, and
storage. In the case of eggs, the shell must be strong to prevent the egg damage. The
mechanical characteristics of egg quality include shape index, shell thickness, and shell
strength.

The quality of the shell in this study was evaluated by measuring several variables
including shell weight, shell ratio, shell strength, shell thickness, and shape index. In
this study, all experimental diets did not affect shell quality variables except the shell
weight. Layers fed with 20 g fingerroot powder had the highest shell weight compared
to other groups. It may be related to the effect of polyphenols on oestrogen. Liu et al
(2013) stated that quercetin increases eggshell weight because it has an estrogen-like
action that plays a role in calcium metabolism. Bolukbasi (2008) reported that the
supplementation with 200 me/kg of thyme, sage, or rosemary essential oil increased
the proportion of eggshells. However, another study showed no effect of
supplementation of black cumin essential oil on shell weight (Bolukbasi et al., 2009).
The supplementation of plant additives showed positive effect on external and
internal quality of eggs.. A possible mechanism behind this positive effect is that
phytogenics have the ability to improve uterine health and increase calcium storage
as well as pancreatic secretion, resulting in improved egg and eggshell quality (Abdel-
Wareth and Lohakare, 2020).

There were no differences found in shell ratio, shell thickness, and shell strength
among the experimental diets. The shell ratio of the study ranged from 9.53 to 10.20%
of the egg weight, the shell thickness ranged from 0.36 to 0.40 mm and shell strength
ranged between 44.65 and 51.33 N. Some studies reported that the supplementation
of plant-derived powder or extract gives various results. According to (Kaya et al., 2013),
supplementation of the mixtures of a plant extract containing extracts of Origanum
vulgare, Thymus vulgaris, and oils of thyme, origanum, garlic, anise, and fennel at
different concentrations improved eggshell thickness. In contrast, Botsoglou et al.
(2005) demonstrated that the supplementation of rosemary, oregano, and saffron in

the laying hen's diet had no effect on eggshell thickness. Magnolol supplementation



39

significantly reduced shell thickness but did not affect shell strength (Chen et al., 2021).
External egg quality is varied among species because eggshell formation is a complex
process depending on several mechanisms which can be influenced by genetics,
environmental conditions, strain, age of the bird, nutrition, and management.

Several studies have found that polyphenols influence calcium bioavailability and
absorption. The major tea flavonoid, Epigallocatechin gallate (EGCG) can induce
apoptosis in osteoclasts, decrease bone resorption, and enhance mineral density
(Muraki et al., 2007). However, other polyphenol such as caffeine and tannins, can
enhance calcium excretion through urine, decrease calcium bioavailability and
absorption in the gut (Huang et al.,, 2016; Almaraj and Pius, 2017). Calcium uptake
reduced due to high caffeine in the gastrointestinal system (Hallstro et al., 2006).

The shell quality is influenced by age, nutrition, health state, and environment.
When the bird age increases, the shell quality decreases, whereas egg weight increases
(Machal and Simeinovava, 2002). The average shell thickness of a bird age at 57 weeks
was 0.373 mm, which is thinner than that (0.403) of the bird at age 22 weeks (Al-
Batshan et al., 1994). A diet with low amino acids, linoleic acids, and oil was employed
to suppress egg weight in order to maintain shell quality (Petersen et al., 1983). The
dietary calcium also affected shell quality. The NRC (1994) recommend that a daily
calcium intake of bird is 3.25 ¢ per day. Calcium intake in aged birds can be increased
to maintain shell quality (Bar et al., 2002). Calcium and bicarbonate ions must be
delivered via the blood to the oviduct and transported into the uterine wall during
egg calcification (Nys et al., 2004). The carbonic anhydrase in the cytoplasm of uterine
epithelial cells is involved in shell formation. This enzyme continuously converts
carbonic acid into carbon dioxide gas, enabling carbonate ions to be pumped through
the cell membrane (Nys et al., 2004).

The shell is a unique structure that functions to protect the internal egg from
mechanical damage and invasion of microorganisms. Shell thickness and shell structure
are important aspects of egg quality because they affect the egg's resistance to
damage. Eggs with thicker shells are more resistant to bacterial penetration and can
reduce the risk of cracking. Shell thickness is related to egg weight. The heavier the

egg, the thinner the shell thickness, and this affects water loss during storage
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(Giampauli et al., 2005). The strength of the shell is affected by its microstructure,
thickness, mass, volume, surface area, and shell percentage (Nedomova et al., 2009).

The shape index did not affected by the diets. The shape index value was above
90. According to Altuntas and Sekeroglu (2008) shape index is divided into three
classes based on the width-to-length ratio of the egg: sharp, normal, and round eggs
with the value of each is 72, 72-76, and >76 respectively. Shape index is an indicator
of egg quality. According to Shaker et al. (2017), the shape index is influenced by strain
of bird and environmental factors. The shape index strongly correlated with breed and

declines with age (Van den Brand et al., 2004; Camp et al., 2007).
3. Lipid peroxidation of the egg yolk

After seven days of storage under room temperature (25 °C), egg quality was
significantly impaired compared to fresh eggs, since stored eggs were unable to
maintain their chemical-physical composition (Alleoni and Antunes, 2001). The use of
natural antioxidant products has been considered an interesting approach to improve
egg quality and animal health. In this study, the use of fingerroot powder
supplementation to laying hens diet were evaluated to improve egg shelf life quality.
The study found that the experimental diets had no effect on the malondialdehyde
levels in fresh and stored eggs at 7, 14, and 21 days. The malondialdehyde level in
egg yolk increased after stored 21 days. The malondialdehyde level in the egg yolk did
not affected by the diets but increased by the storage time. The fingerroot powder at
20 and 40 g, as well as vitamin E supplementation at 250 mg/kg did not exert their
antioxidant activity on the egg yolk in terms of reducing lipid peroxidation.

Some previous studies reported the effect of herbal supplementation or
phytogenic additives on lipid peroxidation in egg yolks. Curcumin, the main biactive
compound of turmeric was reported to able to maintain egg quality after 21 days of
storage (Galli et al., 2018). Kaya et al. (2013) also found that essential oils and vitamin
E can improve egg quality by lowering oxidant levels. Kara et al. (2016) also reported
that grape pomace supplementation significantly reduced lipid peroxidation in egg
yolk. An et al. (2019) reported that the administration of lycopene at concentrations
of 10 and 20 mg and 17 g of tomato paste reduced the MDA in eggs stored for 4 weeks

at 24 °C. Lycopene and carotenoids, two of the bioactive components in tomatoes,
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can be effectively transferred into the egg yolk (Akdemir et al., 2012). Moreover, the
supplementation of tomato pomace increased the amount of lycopene and lutein in
egg yolks (Reda et al., 2022).

Many studies have reported that bioactive compounds in the diet may be
transferred into egg yolks. The most widely studied phytochemical compounds in egg
yolk are lutein and zeaxanthin (Nimalaratne et al.,, 2011). Kuhnle et al. (2008) also
discovered that isoflavones derived from soybean was present in egg yolk. In the
current study, the supplementation of fingerroot powder to laying hens did not give
any effect on malondialdehyde of the egg yolk. This possible reason is that the active
compounds in fingerroot cannot be transferred into the egg yolk. Polyphenols are
reported to have different characteristics such as their hydrophilic which affect their
ability to cross cell membranes. In addition, it was reported that under natural
conditions, the deposition of phenolic compounds in chicken egg yolks was very
limited (Nimalaratne et al., 2011).

The total polyphenol in the fingerroot powder at doses of 20 and 40 g were 268
and 536 mg respectively. Phenolic compounds in the diet may also decrease due to
storage time and environmental changes. Phenolic compounds are unstable and easily
degraded during storage, affecting their biological activity (Srivastava et al., 2007). De
Oliveira et al. (2017) discovered that phenolic compounds in sorghum grains decreased
during 60-180 days of storage, with a decrease from 89.4% to 100%. According to
(Radovanovic et al., 2017), the decrease in phenolic levels is also influenced by several
factors such as temperature, oxygen, light, and storage time. High temperatures, light,
and the presence of oxygen will oxidize phenolic compounds due to unsaturated
bonds in their molecular structure. The storage at + 45 °C has the effect of reducing
phenolic compounds (Zhang et al., 2000). At high storage temperatures, the possibility
of phenolic compounds being damaged is high because the opportunity for oxidation
is greater (Rodriguez-Pérez et al., 2019). Light can reduce the antioxidant activity of
phenolic compounds because the main component of light is UV (Ultra Violet) which
has oxidative properties to react with oxygen to form photo-oxidation or light-induced
oxidation reactions. UV radiation causes a homolytic fission reaction of hydrogen

peroxide (H,0,) to become a highly reactive hydroxyl free radical (OH¥). In addition, UV
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radiation can also trigger the formation of reactive oxygen species (ROS) (Mahardani

and Yuanita, 2021).
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CONCLUSION
At six weeks of feeding, the fingerroot powder at a level of 20 ¢ improved egg
weight, albumen weight, and shell weight. Meanwhile, the fingerroot powder inclusion
at level of 40 ¢ decreased egg yolk color and feed intake but improved feed efficiency.
The fingerroot powder did not show antioxidant activity in terms of MDA in both fresh
and stored eggs. The results of this study suggested that fingerroot powder at 20-40 g
can be added in the laying hens’ diet.
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